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ABbreviations

aDaM  a dzintegnn and mefalloprotenase domain
APC agdenomalaus polypRais coli

ApgE  spolipaprotein E

ECM earraccliviar matria

uc Lawia lung Coll CAFCINOma

MMP  mains motaloprotenase

PGK phesphoglycero| kinase

TIMP  tistuc mhdilor of Mmetaiopiaienasas
TNF  temor necrasrs faciora

PA Uszuz-Type PRRSMNOACN acuvalors
u-Pa wrokinasartypo MIasminagan acuvalon

introduction

“Manx meealloproteinases (MMPs) comptisc a famuly of
extraceilulsr matnx Jdegrading zozymes (Table 1) that
arc helicved co play pivocal reles in embryonic develop-
ment and zrowel us well a» ip mssue remedeling and
repawr. Excessive ar inappropriate expression of MMPs
may cupUibute to the pathogenesis of many ussuc-
destrucaive  processes. ncluding  highly previlent
Jiscsacs such as arrhrits, mulpple sclernsis, and teath
decay. 35 well as the jeading cuuses of deuth n devel-
epcd cauntnies cardiovasculyr diseasc (ssherosclerosis
plaquc ruptusc and ANCUIyYsSm fonnnc;on)i tumor pmgn:\'-
sion. and cluonic obstructive pulmonary diseasc’. A
statmanent such as this 1a uawally found ar che beginning
of MMP-relaccd papers (and of course grant npplica-
tions — sunply insere Jiseisc of interest) wnren by
those of us with 3 “‘metallacenmne’ vicw af the world [1°].
Byt judgment day is approaching. With che advent of
targeted mutagencsis, one can perform controlled cxper-
inenss in mammals (e tesc these hypathases. Marcaver
beeause these important diseases cyn potenually be
atmiburable to the actiop of MVIPs, cffective >ynthstic
MMP iahidiroys are being developed wnd are rapidly
appioaching chinicsl erials [1°,2].

Targeted mutagenesis of MMPs

Over the past couple of yeary, many of the MMPs have
vndergone geng-targeting experiments (Table 2). The
pawer of gene targeting was besk suminarized by Piagen,
who starcd, “onc invariablc jessan of bjolagical rescarch
has been the Sifficulry, virrus) impossibiliry, of relisbly
predicting the prapemes of intact arganisms fram the
propesties of their ranstituent cissues, cells and mole-
cules. Thus, hypotheses necd ta be confinmed in intsct,
complex hiological organisms; not prokaryates or lgwer
cukaryotes, bur maamals [3].” Onc musc, of courses, (ec~
ognize the hmitauons of thesc cXpcIlmMents. Frsx, loss of
2 protcin from the blastocyst stage oaward mighe ajeer
complcx bjolugical pructsscs, lending to what is com-
manly referted [0 35 compensation. Sccond, because of
gene redundangy, murinian of 3 §chc M3y nat unmask
the true biojupical funcrivn of the pretwen it encades.
Thisd, micc are nat humans; heace. direct translation of
resules to humsn biclogy requires knowledge of biologi-
cal similagitics 3and differcnces beoween  these
species (3]

When iuserpresing fata frem gene-tafgeting cxpen-
ments one must alsc bec sware of putennasl atran
differences snd the possibiliry of ‘naighPorhood knock-
out” etfcers. This torm refers to snhibited cxpression of
gencs physicslly inked to the targer genc. and s proba-
ply relamied to the tetension of the phosphoglyccrol
kipase (PGK) premotcr used 9 duve sclecrible murkers
[3] This is 3 pernnent conecrn becuuse seveial MAMP
acncy (callaganases, stromelysing. matritysin, and
macrophige elastase) are closely hinked un humaa chro-
mosomc 11922 and mouse chramesome 9. With these
caveals in mind, whis bave MMP-mutint muwee told us
abuut the biological conscqocnces of MMP-mediated
extracellular muink (ECM) degradaton’

Physiological pracesses

MMPa, usually undecectable in cells unded nornnal cp-
cumastances, arc pramiaently cxpressed Juring A vancty of
bioluical Prucesses, such as rcproductian. On the macer-
nal s.de, MMP qxpression is assoctatcd with menstruinen

ovidation, weerime unplancaton, partuntion, and postpar-
tum uterine and mammary gland involunion {6]. IFrom the
affspring’s perspective, MMP5 arc belicved 1o be required
for rrophoblast implantanon, embryaaic growth, and tssuc
morphegencsis. Yetr, none af the individuil MMP-mutnt
micc generated ta date have had an smbryenic lethat phe-
notypc. Micc deficiens in gelaninase B (MMP-9--)
demonsuatc morphnlogic abpasrmalities ac the site of
implancauon, but these defects are not leghal. All MMP-
deficienr mice to date ate rapable of dehvering and
nurtunng healthy pups.
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Taole 1 -
“—— " ~FalvE mefalloproteinase Shbstretes”. _ -
MMP Interstital Basamant Elastn Non-mutfix prateina
cofisgens membranc
Coflaganases
MMP-1 M2 1 >te= 0 LR +/~FN, LN, EN, PG aelecunie a
MMP-8 1= 11>, (7 Vi, X) +/- FN, N, EN, PG - aupgrate for cellagenases
MMP-13 e, GL Vi +/- FN.LN. EN, PG -
and wlopuptidasc
Stromalysins
MMP-3 - FN, LN, EN, PG, +/-PS col ¥ B o EGF-like gromin mcor 3hd
MMP-10’ - FN, N, EN, PG, +/-PS ol IV .l plasminagen am
. subsirales lor Stramelysins
Stomelysm-liko
MMP-7 - FN. LN, EN, PG + Stromalysin-like anzymas are most
MMP-12 - FN, LN.EN, PG, PScai v - patent af converfing plasminagen
to angrstatin ond Augrading a, AT
Gelalinages
MMP-2 GL L VIL K X col WV, FN, LN, EN. PG. PS ++
MMP-9 Gl col IV/V, ¥, L, EN, PG, PS +r
Funn-recagmition sites
MMP-y 12 - -
Membrane type
MMP-1a5 =12 FN.LN. EN, PG
MMP-1S FN.LN. EN, PG
MMmP-16 ?
MMP=17 ?
Nowly desczibed
Enamolsin Gl {amaioganmin) ? ?

“Nota tng iist is inharantly incomgplatu. reprasenting only sclecied
substrazes 1ested 1o date. These substraies guide potential biclogical
nuncuons, but the actual in viro Subsrates arc uPkNOwn. TMMP-10 haa
the same substale spacfficties 18 MMP-3 but 1= 1838 potant “Human

Past-natal development

The myjor defece in MMP-$~—-dcficient muce 1s delayed
long beae growth aad devclopment [77]. Lonz beacs
dcvclo‘i from mescnchymal condensations where caft-
lage cclls differentiate and depaesit 3 carnlage matrix.
Blood vessels wavade and degrads the carulage magns,
and cageilage ¢zl undergo spoprosis fullowed by pralif-
eratiun of osteohlasts aad cadochondral ossification,
which converts the ussue jnfu mature bone. [n MMP-9-—
mice. there is delaysd wvascular invaiion ol skeleral
groweh places, tesulting in an excessively wide zonc of
Iy pertrophic caitilage and delsved ussification MMP-9.s
sequircd fo imaate primaty dngogeness in dhc carulage
grown place, probablv through genesarion of an angio-
genic signal (or perhaps degradation of an angiogenesis
whibiar). Interestngly, she mechenism of this pheno-
rype may not volve degrdanon of 3 structural of
adhes;ve matrix prorein.

Wlile fuis pienecype 15 maked dunng groweh, if onc
were merely To study adules naly 3 10% shortening i the
long bones would he appreviated. T'hig is ROt meanr o
diminish the wmportanee of this finding but racher, 1o
eiaphasizes shat untl cazeful analyscs of all MNMP-micc

snzymy not caldytically Betive 1o hnown ECM components SSoluple
rECOMBINANT prolein was (estad. &, AT, o, antarypsin, EN. entacin:
FN. tbronectun: GL gelatin, coliV/V, ypes [V and V cotagen), =N,
laminin: PG, proteaglycan. PS col IV, pepsinized type IV eollcgen.

1re perfonned conclusions regarding the fule of individ-
ual MMPs ia grawth und derclopmeat arc premature.
The overall minumal phenotypcs obsclived (o duie may be
due tw redundancy, ssfzzugcding the host from untoward
copsequences of individual MMP mutanans, Genetation
of doubly and muluply MMP delicient mice msy be
required 1o unmask full MMP function. Alternatively,
AMMPs may not be nceded for grossly narmal dzvclup-
mant and growth 10 the Muust.

MMP-9 was demonatrated 1n rhe mescuchvme of emhbey-
anic Kidneys. 3ad branehing musphogenss:> of wicreriv
buds was specifically blucked tn inetanephng organ cul-
ture by antucra to MMPE-9 bug net by 12G antibedics to
MNMP-2 (8]. Na sbnormalifics were fuund upon analysis
of neongtal and sdulc MMP-97- mice by hight
microscupy or immunalluoricscence tar basement mem-
brane proteins, however, and fenal fupcuon 18 adule
micc was normal [9]. Itis nav cleur Wwhecher che discrep-
anvies bepween these studies fesule from differences in
>tudy design, 1 vivo versus sa uilso studics, ar wherher
anrihody expenment, vverestimste the copsequences of
gene nactvation while gene knockour expenmcats
underesnmate them.
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Phenatypes of MMP-deficient 3nd relzrea null mutant mice.
M.ce Result Retcrgnce
MMP- deficiont
Gelatinase A (IMMP-2) Unalierca searenon of B-amyloid procursor protem fa9]
Reduced angioguncsis and Winor progreasien 21
Stromeyen-1 (MMP-3) Na affact an collagen-induced annnus [so}
Mamiyein (MMP-7) Decreased intestingl lumongenesis [22°)
Gelaunase B (MMP-9) impatred pamary angagencais i Rone growsh piates 177
Resistant to buliows pemphgoid j#1)
Siromeiysin 3 (MMP-11) Decrossad chamcal-indwc e mulagenazis 237
Macrophage clastase Impoired macrophage proteolysis ‘. . [ve)
(MMP-12) Impaned macrophage reCruitment and prataction fram cigarete-smake-inducod emphysemy [377)
Related null mytants
TiMP-1 Loss ot TIMP-1 i sransfarmaed cclf lines can sitner potentiate or FuRPress frequency of twmar Ivasion 128]
Point mwtation Marked demal fkrosis 51
(clagvags wie in Impared POLT panum wierine iaiyuon
igpe | coliagen) MMP-13 N4slopaphds cleavige acceunis for aone Tesorpuan during smpryonic Bnd cary adull Lic
wPR Unablc 1o activals pro-MMPs (127}

On apoE-/~ wackground, praicctad rom ANerosclerotc macrephage MTNTraton and mecreancwrysm tormaton

Pathological processes

Cardiovascular disease

Arhcrgsclerosis is 3 chyonic inflammasery pracesa whercby
plaques are farmed in the inrimal layet of the vessel well as
1 fesult of sccumulasion of ECM. smoath muscic cells, and
lipid-laden macrephiges. In numans, cowonary amery
plaquss may become upstable and ruprure, tRrzening
intcavascular thrombusis lesding ra myocaidial infarcuian
The stherosclerotic vessel wall may also dilate 3> 2 result
of destruction of the mediai elastic lamina, leading to
ancurysm formation and ruprurc of the weskened vessel
wall. Recontly, plasmnnogen acuvawors and seversl MMPs
have beep detected il 3550CiSLINN wirh human atherossle-
roric asenes [10] and abdominal aortic apcurysms 01l

Mice with a rargeted disrapann of the Jpolipoprotein E
(ApoE) zeac have 3 delyyed clearance of lipoprotcias fiom
the blpod. Whea injce gre fad 3 Western dict setum ¢ho-
lestzrol levels reach 1400-2000 ing/dl. and farrv streaks
progressing o fibraus plaques devclap at branch peints of
major vessels. The formativn of thess lesions is assocaced
with mactophase fecruiment S3using disrupuon af the
medial clastic famina And HuCIOINEMLYSM formanion.
Complex lesions wich plaque Juptuic and hemorrhage
have vet (o be obscrved for any modcl of stherosclerosis in
the mousc (for 3 review see [12])

To ynvestigate the fule of plasssinogen aenvafoLs (tissuc-
type plasmminogcn aftvarors [t-PA} and umokmnase-type
plasmunogen actvatas [0-P3)), Carmeleit and collcagues
(13°] erossed ApoE~ mice with w-PA+ or «-PA7- mice.
ApoE-+ x u-PA~ mice, but nos ApoF~+ or ApeE™~ x t-
PA-- mics, were prutcuted from macraphage-mediacd
destruction of mmcdial elastic lamina and mMicroancyry>m
formacion. Macrophages hined up alpng clisue laning but
they did not penetrate ar digrupt these matnx >fructures.
Recausc the ahilicy of macrophages w degrade and migrate

throuph elasein is mare likcly duc to macophase claitsse
(MMP-12) [14] than to nan-clustolytic plasmin. these find-
ings suggest char plasmun M3y acvALC MMP pru-cnzymes,
an old hypothesis aer previously demonsudsed i rvn
Tndecd, in the sbsence of u-PA, macrophages werc unable
to convert macgaphage pro-MMPs (MMD-3. MMP-9,
MMP-12, and MMPD-13) inro their sctive furms in 3 recen-
stituted system [137).

[n conuast, in the human swomelvsin-1 (MMP-3) promos-
er, a zemetic polymorphism which causcs diminushed
stramelysin-1 cxpression is associaced with enhanced pra-
gression of atherosclerosis [13] Thzether these and other
studies sugpest chart MMPs initislly Maintain pendy of
the stheroscleronie vascular lumen at the nsk of ;ubsc-
\WENT plaque rupture

Caneer

MMPs arc belicycd to PIOMOLE WIMeT PIOZIESSION by imili-
aning carcinogenesis, £nhancing tamps INgLECnssis.
disrupung jocal pssue Archutecture (o allaw tunwor zoawih,
and brasking down bascment membranc paners Tos
mermstanc spread [16,17). While some MMPs. suzh as
marrilysin (MMP-1) collagenase-3 (MMP-13), ana uften
gclaunase A (MMP-2), we expressed by tumars cell
themscives, MMPs ace predominantly praduced by sut-
rounding hosc samal and inflammacary cclls wn 1caponse
to factors relensed by tumors [17.168%) NIMPs may chen
bnd to tumor «clis snd angiogenic endorhelisl calls,
advaneipg cumor progression. For example, NMP-2 bings
through its carbaxy-termina) doman o @v@3 mESsTin An
melanumas cells snd angiegenic blapd vesscis, cnhancing
tumor growrh {19]). Autolynic provessing of MMP-Z with
release of the carbogy-tenmnal aamain compcees with cell
surface Binding of the cizyme, inhibiting sngiogenes:» and
tumor growth [20°]). Cansistent wich thasc results, MMP-
2-- post mive exhibit impaired prunary tumac growth and
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decrensed experimenal metastasces of B16-BL.6 nslanoma

ind Fewss langec cyainurm () cems 2T —

Mutsilysin (MMP-7) i< expressed by tumor eclls derived
from gastrainkestinal epithelivm, including dyose that anse
spontancously in mive with the adengmatous palypesis
cali (APC) muldgple iatesunal neoplasia murtation APCe®.
MAP-7- % APC™* mice had delayed tumot develepment
[22°]. Similarly, stromelysin-3 deficienc (MMP-}11"+) mice
demonscrred impaited tumor formation in respanse (©
chemical muragencsis 123°] These studics confirm 3 cole
fur MMPs in cuicinngencsis. Porentially, eetopic capres-
sion af thesc profciniscs {in cambinauon with gpother
muraten) may release cells fyom ECM-mediaced ccll eyele
amest. Alermanwely, proteinases may felease growth of
angingenesis factors promoting tumosigenesis

Whilc overcxpression of ussuc inhubitars of mccallopio-
ccinases (TIMP>). cither jn transgenic micc or by gene
ansfer. can decieadc TuMor RIOErCssivn 1N Animal madels
|24.23), 1t hus been difTicule to demansuate that Jack uf
TIMP-] in tumor or host copsistcafly CRRENCES tumar
growth |26]. Perbiaps exprassion of TIMPs 2-4 compen-
sate lor loss TINMP-) expression in these models.

While MMPs commonly facilicate tumor progressian, pro-
tealyte cleavige products of MMPs may inhibit
angiogencsis, imung tumer pragics>ivn. This was first
apparent with the isolation of sugiostatin from the urine of
mice wuh LLC cclls [27]. Angiosuxin, 3 plasminogen
eleavage product congauing krinzie domains 1-4, inhibits
cndathclisl cell prolifcration and is believed to be respon-
sible for maincaimng LLC lupg mcwistases in a dosmant
stace {27].

Generatiun of 2ngiostatin in pripary LLC tuimors vorelss-
ed with the presence of macrophapss» and nucrophage
clastase (MNMNP-12) [28]. The ipartance ot MMP-12 in
Lmiung lung micrastasis growth w the LLC mods! has
been confitmed by use of inice rendered deficient in
maciuphage clasase (MMP-127) by genc cugeting JL
Cuysolano and SD Shpito, unpublished dats) Preluninary
studies sugnest. however. that Jocal exprvssion of MMP-12
ia wmactophages surrounding the secopdary lung mcuas-
tases hmits Ziowth, in part thraugh generatiun uf
angiostaun. This citeet May also be reliied to MM{P-2 pro-
cesang by MMP-12 or ether mechanismo.

Scveial other MMPs sic 310 cupabic of gencrating angia-
stafin and other antiangiogenic fragments of plasminogen
129,50} The knngie 5 dormain bY itseif appcars 19 have the
grearest capicity to inhibit cpslothetial cell proliferation
{31] Seune proteinascs. including plasmin, in association
with a0 cxtracelinlar reduetase thar reduves disullide
bonds in plasmin. also tigger generation  f angosmun
{32°,53). In additian o angiestatin, other protevlyric {rag-
ments  most  promincnrly endostatin (8 20 kDa
carbuxy-rerminsl Pragment of cype XV collagen), effcc-

6177424214
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uvely inhibit tumor angiogencsis [347) 1a face, regement
ofscveral oA TR wirhrendosTein resuitedinpro- -
longed tumor dormancy [35°)-

Thus. procxipsssy mey pencfit she hast ar the wmor
depending Wpon spsnal expression. proteolyte caparicy,
and binding uffinity (or mardx and wmar cells.
Neverthcless, hydraxamares, which are MMP zinc-chelat-
ing agen, are effectve in inhibiting growth of sevaral
pumary tumots and MCBSWses in aaimal models [1°]
wnetuding LLC [36]. The shiliry of these compounds

- nhibic grewth of ncuplasms Suggests that tamors usc
MNMP> morte effeegively than the host when all the MMPs

are inhibired the host has the advantage. MMP inhibicion
combincd with anfi-angiogenic agents, such as angiesmnn,
endostacin, or @vfi3 integrin, might prove optimaln elini-

. cal treatment of particular tamors.

Puimonary emphysema

A major camponcnt of ehrunic obstruchye pulimoasary dis-
ease i3 desfrucuon and cnlargomcnt of penpheral
arspaves uf thc hung. Chsonic cxpaesure to cigafctic smake
exposure |zads © inflammatary ccll recruitment snd act-
vaton with telgase of clasases, in excess of inhibicars.
ECM degmdarion coupled with abnarmal fepmr resules i
lung destrucnan churecreristic of emphysema. The senpc
proteinase ncutfophil clastase is responsihle for emphvse-
ma1 in paucnts with 3 genetic deficicacy of «s ahibiror
&, =anticrypsin. 3 relanvely uncommon farm of the diseiac,
however, the comriputien of nedurophil clastase to che
more <ommeanp cmphysems associacted with Cigarsos
smoking v centroversial [T 15 possible thst other azu-
crophil proteinises or cuzymes frasm the wmore shundant
maciaphages coptnbute to lung damage wssociated with
prolunged cigarcte smokRing

Lonag-term exposure of wild-cype (MMP-127/%) mice tu
cigarecte smoke led o ptlammatory ccll fectuatment fal-
lowed by ulveolar spacc enlgrZement similar (o the
pathologic in humans. Alicc d=-ticient 4n
macrophage clastasc (MMP-12-), however were pin-
tect=d from developmen of cauphvsema dezpite heavy
jang-teim cxpasurc 0 smoke. Surprisingly, MMP-127-
mice alev uled to recfuit Monacyres nto thew lungs ip
tesponse to cigugtic smoke [37°]. Boeause MMP-1Z2 and
most uther MAIPs are anly cxpicssed upan diffcicnna-
tigu of monocytes to mscruphages, it appearad unhilely
that inenaeyees requirtc MMP-12 for transvasculsr migiz-
uon. Mure likely, cigaretic smoke induces copsutunve
macrophages, which arc preseat i lungs of MMP-12-
micc. (0 proauce MMP-12 that in turn cleaves clitin.
thereby genciaung fragments chemoractic for monocytes
(P Pige and SD Shapirn, unpublished data). This posi-
tive fcedback loop would perpetuate macrophage
accumulation 3ng lung destruction. The © noepe thaf
proteolyrically gencrited elastin fragments mecdiute
monouyte chemocaxis was first shown more thap «
deccade 1go (38-40)

defloct
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migration during norma) wownd Realing.
Eaposure of keratinacy )
coflagen in e proviconl Matris leads Yo nign
affinity Bnding (arows) af @267 miegnn 10
callagen. The Inads 10 ezprassion of MMP-Y,
which degrades colfiagen and frees the ceil 1o
migrale, pemaps weing arher receptors
(ewelas). a287 tinding 1o collagen at 1he
migrating front 'pulls’ the cell forwaras leed.ng
Jo re-apiineiiRanon (adapted fram (1),

(5) Epaheliumderived rumor cell migrajion.
Tumar cens (ighlly shaded) eaprass MMP-2
{or induco airomal celia 1o produce it). which
dugradcs the Basement mambrane (wiggly
Incs), expasing cryplic fragments of taminin
and cakagen wineh are anly expaseq wpon
degradstion (dmmonds). Theza bing 1o coll
ey plore. lelding 10 migration perhags
related o integrin-mediated signaling leading
o Gytoskeiaral changes cawsing cell
mouvement. kS, aminin 5.

Wound
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Bullous pemphigo:n

The aucwimmunc subepidermal bliscering  discasc
known as bulloys pempnigoid is chsracterized by depe-
sidan of autesntibodies ar the basemcnt nemtimne
¢one. In an experimencsl model of this discasc i inice,
the dlistering is mediaecd by antibudiss directed against
she hemidesmusomsl procein RP180 (collagen XVID),
and depeads on complement activation and ncutraphil
nfilracion. In contrass to wild-type lLetermates, MMP-
97 mice Were jesistant o the blistering ctfeuvts in ehis
model despite depeaifion uf autoantibodies and ncy-
trephil recruicment cquivalent to thar szen in wild-typc
mice [41]. Wheeher MMP-9 dircerly causcs blistering ac
augmenrs ncutfuphil elastase sctivity by degiading @~
ARELTYPSIA s eurrcady uaknawn

Bioactivity of ECM fragments
Peoteolyticully generated ECM (3ud non-ECM) fragmenrs
have long beea thought o reguislc a diverse arcay ot

prucesses in celi biniogv The impoitance of this mods of

regulation has been 3 recufient theme in the TSCENY in 2iua
Stuches presented here. plasmin mediares MMP acuvanon:
plasminogen fraginents (angiostaun and othey kringie
domains) and collagen XV fragments (endosgsna) smhib-
it acovasculanzanon, while MMP-9 induces sngogenesis:
clastin fragments may regulare TRONOCYIC Teuruitinent ;n
chrunic inflanunation.

Overexpression of siromelysin-l (MMP-3) in mammary
glands pf mansgemic vucc not only confirmed the expetied
fole of MMPs in mammary gland branching marphogeness,
DUt upespectedly demonstrated sn edditionsd rele in regu-
latinz post-partim mammary gland invalution 42), A series
of subsequent arudies demonoirsted that cell canaact with
CPIEY Udsue wrehiteCeure is crucial for cell homeaswsis,

suppression of apaprosis, and msincenance of difl: erennated
phenatype (sec N Boudreau 3nd M Bjssel), PP L30-648).

Te was also recendy recagnized thar cleavage of the aminn-
3 R chain by gelsanase A (MMP-2) expased 2 crypric sicc
withw liminin. induving migraton of malignant breasc
epithelial eclis [43°]. This snudy suggests chat local pro-
toinasc gconcentrsuon may deemmine col) bchaviar,
Prarcolysis is requircd w ipitsge and Suskan miaragon, byt
eXcessive proceqlysis smay degrade matnx s1gnals and tecep-
tors, therchy distupung ccll matnx interaetions snd
inhibiring migratiun [17] Wich wespeet 1o cpithehal eclf
THgrLON W aopnal woynd healing, P3rks snd co-wurkers
194*] hypothesized thar inreracrion ot kerstinueyee @281
Weegrin with native wpe | collagen in a provisional waung
matrix nduces collagenase-1 (MMP-1) sapression. By cleay-
ing colfagen, the iraal Righ “affinity _conrtace i loasencd,
releasing the cell. which then migrarss o "srab’ high atfiairv
@2B1L sntegrin bands with undigested collagen ahead i che
vpen wound (Figure 1), fndeed, Reraunocytes can aigeare
aa native collagen hut not o a collagenasc-resistant collugen
matnx (43°]. Similarly, i Gbroblases, binding of Lropecun
fragments (but noe intact fbronecgn) o 3Bl integrin sig
nals aenvatar profeins) (AP-1)-mediated 1nducton of
MMP-L syutnesis [46]. Thus, ECM provides an imperant
mechanism for cclls o commumcate wich their cxrcrnal
envitonnicnz. When cclls are ju contsct wich cheir appropn-
ate, intact ECM they ayc quieseent (or at leaar pertorm thar
narmal funcguns) however. celf contsct wich nappropriace,
altered, of distupeed ECM scts an morion a vasicty of signal
trnsduction pachways and genc transcrpron resuling in
many celular respopses with the goal of ussue fcpair [47°7).

In 4adition o M\{Ps, closely celaced mctalloproteinases
termcd ADAMs (a disinrcgrin wnd mectilloprotcingse
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was discovered that hyqroxsmic acid MMD inhibitars pre-
veated release of lsrent wmor neccosis facror @ (TNF)
fram monocyte surfaces, and subsequeatly the gene
cncading the respansible proscinase, TACE (TNF conver-
tase), of ADAM-18. wds cloned. Mcwllaprarcinases also
mediare shedding of L-selecnn, f{.-6. Fas, TNF reccpron
and s varicry of other TNF reccpror superfamily members.
Additionsily, sigaificant srarcs of matrix bound wans(osme
ing giowth factor f may alse be prorcolyrically relcased by
plasmin and perhaps MMPs (48]

Conclusion and future prospesis

Why arc there so many MMPs? Overlapping but distince
substrate spevificitics a0d ccll-specific cxpression suggest
potentially unigue functions, buc clearly 3 vanery of MMPs
are cxprosse during Asvelopmend perhaps fo compensace
for patendsl Joss of an ingividual MMP This diversicy
would explain why the phenotypes of MMP-mutine mice
hsve been 0 mild with respecr to development and other
physielogic precessex. Alremarively. M MPs inay have 1 pri-
fary function in tepair end defensc, and in marure tissues,
rather than s requisite funcrion in marphagenesis. Further
devclopmenal analyses and mice with mujuple MMP defi-
ciencicy will help address this issuc In contrast, abesrane or
excessive cxpressian of individual MMPs ciuses cercain
destpuctive diseasss. Cnnscquendy, it has been casier (@
show thut deletion of spexific, abpormally cxpressed MMPs
prevenn disease onser. Gieater undersianding of similani-
tics between humeans snd mice W)l guide rational medics)
therapy 10 the futnre. Gene-targetcd mice will hclp inves-
asators @issect malccular pachways and further vefine he
role of procealytic ECM (and non-ECM) vicavage products
as regulators of gene wanscriprion. angiogenesis, cell migra-
tion, inflammatiun, 3nd ccll vycle canal, independent of
rranslsnonal research aspeces.
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